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LIST OF ABBREVATIONS

ABF After Breakfast Plasma Glucose

ADN After Dinner Plasma Glucose

AGE Advanced Glycation End product

ALN After lunch plasma glucose
aOR Adjusted Odds ratio

ANOVA Analysis of variance
BDN Before Dinner Plasma Glucose
BMI Body Mass Index
BLN Before Lunch Plasma Glucose
CGM(S) Continuous Glucose Monitoring (System)
CI Confidence interval

CS11 Continuous Subcutaneous Insulin Infusion

ECLIA Electro Chemi Luminescence immuno assay

DR Diabetic Retinopathy

eGFR Estimated glomerular filtration rate

FGM Flash Glucose Monitoring
FPG Fasting plasma glucose

FSLP Free Style Libre Pro

HbAlc Glycated hemoglobin
IAH Impaired Awareness of Hypoglycemia




ICR Insulin Carbohydrate Ratio
ISF Insulin Sensitivity Factor
IgA-tTG Tissue transglutaminase
1s-CGM(S) Intermittently scanned CGM(S)
LADA Latent autoimmune diabetes of adulthood
LH Luteinising hormone
MSI Multiple Subcutaneous Injections
OGTT Oral glucose tolerance test
PPPG Post prandial plasma glucose
RCT Randomized control trial
Rt-CGM(S) Real time continuous Glucose Monitoring (System)
SMBG Self Monitoring of Blood Glucose
T1D Type 1 diabetes mellitus
T2D Type 2 diabetes mellitus
ULN Upper limit of Normal




INTRODUCTION

Type 1 diabetes accounts for 10-15% of the worldwide diabetes prevalence and its
incidence is increasing worldwide by 3—5%percent annually (1). Optimal glycaemic
control is inevitable to prevent microvascular and macrovascular complications of the
disease, however patients on intensive control regimes are at risk for hypoglycaemia
(2,3,4).

Glucose measurements are critically important for effective diabetes control. Currently,
measurements performed by patients from capillary blood (self-monitoring of blood
glucose, SMBGQG) are the golden standard of routine care (5). It has been demonstrated
that frequent testing regimes improve glycaemic control (6,7) however, increasing the
number of finger pricking above a certain threshold might yield no additional benefits
but reflect badly on patient's quality of life (8).

However, SMBG only provides information about a single time-point, it does not
accurately reflect the glycaemic variability and often is painful and cumbersome.
Only approximately 30% of individuals with type 1 diabetes meet the American
Diabetes Association goal of hemoglobin Alc (HbAlc) level of 7.5% (58 mmol/mol)
for children (<18 years) and 7.0% (53 mmol/mol) for adults (>18 years), (9) indicating
the need for better approaches to diabetes management, CGMS represents such an
approach. CGMS systems measure glucose in the interstitial fluid and are currently
divided into real-time continuous systems (rt-CGMS) and intermittently scanned
systems (is-CGMS). These systems allow a semi-continuous insight, not only in
glucose concentrations, but also in trends in time. Rt-CGM systems automatically

transmit data to the receiver and/or smartphone, whereas is-CGM systems require a



person to "swipe" the receiver and/or smartphone close to the sensor to obtain current
and historical sensor glucose data. A key differentiator between these technologies was
the added safeguard of active alarms/alerts. New is-CGM systems offer optional alerts
that warn users when glucose levels fall below or rise above the programmed threshold;
however, the current iteration of these technologies do not warn users of predicted low
or high glucose levels. Both rt-CGM and is-CGM technologies are available as
standalone devices. Some of the indications for continuous glucose monitoring in adults
with Type 1 DM are as follows (10):

e All persons with diabetes treated with intensive insulin therapy, defined as 3 or

more injections of insulin per day or the use of an insulin pump
e All individuals with problematic hypoglycaemia (frequent/severe
hypoglycaemia, nocturnal hypoglycaemia, hypoglycaemia unawareness).

e Children/adolescents with T1D.

e Pregnant women with T1D and T2D treated with intensive insulin therapy.
Other indications:

e Women with gestational diabetes mellitus (GDM) on insulin therapy.

e Adults undergoing change in their diabetes regimen.

e Postprandial hyperglycaemia.

e Patients with discrepancies between HbAlc and SMBG.

e Patients unable to achieve goal with SMBG
Currently following CGM systems are available in India:

¢ Free Style Libre pro

® Free Style Libre

® Dexcom G6 platinum

o Medtronic’s Guardian Connect



Key differences between is-CGMS (FSLP) and rt-CGMS(Medtronic Guardian 3) are

as follows:
Abbott Libre (FSLP) | Medtronic Guardian 3
Age(FDA approved) | >18yrs >2yrs
t-CGM or is-CGM | is-CGM t-CGM
Surgically implanted | No No
Sensor life 14days 7-10days
BG readings Every 15mins Every 5 mins
Alarms/alerts No Yes
Ability to share Yes Indirectly
Warm up 1 hour Less than 2 hours

Use of CGM is associated with a reduction in HbAlc (11), and reduced exposure to,
and risk of hypoglycaemia (12) in people using insulin pump and multiple-dose
injection regimens (13). The impact on glucose and hypoglycaemia outcomes has
additionally been confirmed in people with Type 1 diabetes and impaired
hypoglycaemia awareness (14).

Superiority of rt-CGMS in comparison to SMBG for glycaemic control and reduction
of number of hypoglycaemic events is clearly established in multiple RCTs
(15,16,17,18,19). Many studies comparing is-CGM with SMBG are also available.
Large randomized controlled trials using flash CGM have demonstrated significant
improvements in hypoglycaemia, glycaemic variability, and patient satisfaction in
individuals with well-controlled T1D (20) and T2D (21) who were treated with
intensive insulin therapy. Improvements in glycated haemoglobin Alc (HbAlc) and

percentage of time within the target glucose range were observed in T1D (20) but not



T2D (21) patients. Moreover, recent real-world observational studies have reported
significant reductions in hospital admissions for severe hypoglycaemia and/or diabetic
ketoacidosis in large cohorts of T1D adults who used flash CGM for 12 months (22,23).
However, studies comparing rt-CGMS vs is-CGMS in adult T1D patients are scarce.
Rt-CGMS has been shown to be better compared to is-CGMS especially in patients
with impaired hypoglycaemic awareness (24,25) but in patients with normal
hypoglycaemic awareness it is not proven. A recent study published in 2020 included
adults with type 1 diabetes (T1D) and normal hypoglycaemia awareness (Gold score
<4) comparing rt-CGM (Guardian Connect Mobile) or is-CGM (Free Style Libre) in
exercise phase and in the home phase revealed that rt-CGM was superior to is-CGM in
reducing hypoglycaemia and improving time in range in adults with T1D with normal
hypoglycaemia awareness (26).
However, it had many limitations like:
1. Short duration: Study duration was 4 weeks only so it could not assess the effect
on long term glycemic control in term of HbA1C reduction
2. Cross over between rtCGM and isCGM was not done.
3. CGM was worn continuously for 4 days in exercise phase and 4 weeks for home
phase which is not practical in a resource constraint setting.
Hence, there arises a need for more studies comparing rt-CGMS and is-CGMS in

resource constraint settings like ours.



REVIEW OF LITERATURE

CGMS (rt-CGMS and is-CGMS) vs SMBG in T1D

There are various studies comparing CGMS mostly rt-CGMS with SMBG in T1D

patients, some of which are as follows:

IMPACT 239 T1D pt with Hbalc | Use of is-CGM is a/w 38% reduction in
study (20) 6.9% at baseline time spent in hypoglycemia(<70)
DIAMOND | 158 T1D with HbAlc | Lower HbAlc(-1% vs 0.4%, p<0.001) at
trial (15) 7.5:9.9% on MSL rt- 24  weeks TBR(-22min vs 37min,
p=0.002) TAR(-78 vs 78mins, p<0.001)
CGM  compared to
SMBG
GOLD study | 6months cross over, | HbAlc was 7.92%(63 mmol/mol) during
(27) 142 adult T1D patients | CGMS and 8.35%(68 mmol/mol) during
CGMS vs conventional | conventional (mean
on HbAlc at 26 weeks | difference,—0.43%][95%CI, —0.57%to
—0.29%] or —4.7 [-6.3 to —3.1 mmol/mol];
P <.001)
HypoDE 141 T1D pts, number of | No. of hypoglycemic events in rt-CGM
study (16) hypoglycemic events in | decreased from 10.4 to 3.4% whereas in
follow wup phase(22- | control 13.5 to 13.2%
26)weeks were
compared in rt-CGM vs
SMBG
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GOLD - | 1t-CGM vs SMBG, 161 | Decrease in nocturnal hypoglycemia
<70-19.6 to 10.2min
<54-8.9 to 3.1 min

3(28) TID patients over a
period of 69 weeks, Daytime hypoglycemia 49 to 29min/d
duration of episodes of

nocturnal

hypoglycemia

RESCUE t-CGM vs SMBG in | Significant reductions in no. of
study(29) 441 T1D patients over | hypoglycaemia and DKA hospitalization

24 months

Meta- Meta-analysis of RCTs | CGM was associated with a significantly
lower HbAlc at endpoint in comparison

with SMBG (—0.24 [-0.34,— 0.13]%); and

analysis of | comparing CGMS vs

RCTs SMBG in T1D patients a significantly lower risk of severe
Dicembrini hypoglycemia than SMBG.
etal(30)

Bolinder etal conducted a multicentre, prospective, non-masked, randomised controlled
trial(20), with adult patients with well controlled type 1 diabetes (HbAlc <58
mmol/mol [7-:5%]) from 23 European diabetes centres in which all participants wore
the blinded sensor for 2 weeks and, those with readings for at least 50% of the period
were randomly assigned (1:1) to flash sensor-based glucose monitoring (intervention
group) or to self-monitoring of blood glucose with capillary strips (control group).The
primary outcome was change in time in hypoglycaemia (<3-9 mmol/L [70 mg/dL])
between baseline and 6 months in the full analysis set. Between Sept 4, 2014, and Feb
12, 2015, 120 participants were randomly assigned to the intervention group and 121

to the control group. They found mean time in hypoglycaemia changed from 3-38 h/day

11



at baseline to 2-03 h/day at 6 months (baseline adjusted mean change —1-39) in the
intervention group, and from 3-44 h/day to 3-27 h/day in the control group (—0-14);
with the between-group diff erence of —1:24 (SE 0-239; p<0-0001), equating to a 38%
reduction in time in hypoglycaemia in the intervention group and no device-related
hypoglycaemia or safety issues.13 adverse events were reported by ten participants
related to the sensor—four of allergy events (one severe, three moderate); one itching
(mild); one rash (mild); four insertion-site symptom (severe); two erythema (one
severe, one mild); and one oedema (moderate). They concluded Novel flash glucose is-
CGMS reduced the time adults with well controlled type 1 diabetes spent in
hypoglycaemia.

Beck etal conducted a Randomized clinical trial conducted between October 2014 and
May 2016 at 24 endocrinology practices in the United States that included 158 adults
with type 1 diabetes who were using multiple daily insulin injections and had
hemoglobin Alc (HbAlc) levels of 7.5%to 9.9%.Random assignment 2:1 toCGM(n =
105) or usual care (control group; n = 53) was done in this study and the difference in
change in central-laboratory—measured HbA 1c level was compared from baseline to 24
weeks. Also, secondary outcome as duration of hypoglycemia at less than 70mg/dL,
measured with CGM for 7 days at 12 and 24 weeks was reported. It was found that
mean HbAlc reduction from baseline was 1.1%at 12 weeks and 1.0% at 24 weeks in
the CGM group and 0.5% and 0.4%, respectively, in the control group (repeated-
measures model P < .001). At 24 weeks, the adjusted treatment-group difference in
mean change in HbAlc level from baseline was —0.6%(95%CI, —0.8%to —0.3%; P <
.001) and median duration of hypoglycemia at less than <70mg/dL was 43 min/d (IQR,
27-69) in the CGM group vs 80 min/d (IQR, 36-111) in the control group (P = .002).

Severe hypoglycemia events occurred in 2 participants in each group. This trial
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revealed that among adults with type 1 diabetes who used multiple daily insulin
injections, the use of CGM compared with usual care resulted in a greater decrease in
HbAIc level during 24 weeks.

Lind etal conducted an open-label crossover randomized clinical trial conducted in 15
diabetes outpatient clinics in Sweden between February 24, 2014, and June 1, 2016
that included 161 individuals with type 1 diabetes and hemoglobin Alc (HbAlc) of at
least 7.5%(58 mmol/mol) treated with MSIs in which participants were randomized to
receive treatment using a CGMS or conventional treatment for 26 weeks, separated by
a washout period of 17 weeks and compared the difference in HbAlc between weeks
26 and 69 for the 2 treatments and also studied adverse events including severe
hypoglycemia. In this trial, 161 (45.3% women) randomized participants with a mean
age was 43.7 years, with mean HbAlc was 8.6%(70 mmol/mol) but only 142
participants had follow-up data in both treatment periods. It was found that mean
HbAlc was 7.92% (63 mmol/mol) during continuous glucose monitoring use and
8.35%(68 mmol/mol) during conventional treatment (mean difference,—0.43%[95%CI,
—0.57%to —0.29%] or —4.7 [-6.3 to —3.1 mmol/mol]; P < .001). Five patients in the
conventional treatment group and 1 patient in the continuous glucose monitoring group
had severe hypoglycemia. The trial revealed that among patients with inadequately
controlled type 1 diabetes treated with MSIs , the use of continuous glucose monitoring
compared with conventional treatment for 26 weeks resulted in lower HbAlc.
Heinemann etal conducted the HypoDE study which was a 6-month, multicentre,
open-label, parallel, randomised controlled trial done at 12 diabetes practices in
Germany in which eligible participants had type 1 diabetes and a history of impaired
hypoglycaemia awareness or severe hypoglycaemia during the previous year, all

participants wore a masked rtCGM system for 28 days and were then randomly
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assigned to 26 weeks of unmasked rtCGM (Dexcom G5 Mobile system) or to the
control group (continuing with SMBG). Block randomisation with 1:1 allocation was
done centrally and control participants wore a masked rtCGM system during the follow-
up phase (weeks 22-26). The primary outcome was the baseline-adjusted number of
hypoglycaemic events (defined as glucose <3-0 mmol/L for >20 min) during the
follow-up phase. In the study, 149 participants were randomly assigned (n=74 to the
control group; n=75 to the tCGM group) and 141 completed the follow-up phase (n=66
in the control group, n=75 in the rtCGM group). The mean number of hypoglycaemic
events per 28 days among participants in the tCGM group was reduced from 10-8 (SD
10-0) to 3-5 (4:7); reductions among control participants were negligible (from 14-4
[12-4] to 13-7 [11-6]). Incidence of hypoglycaemic events decreased by 72% for
participants in the rtCGM group (incidence rate ratio 0-28 [95% CI 0-20-0-39],
p<0-0001), thus CGMS reduced number of hypoglycemic events in T1D (16).

Olafsdottir etal performed evaluations from the GOLD randomized trial, an open-label
multicenter crossover randomized clinical trial (n = 161) over 69 weeks comparing
CGM to SMBG in persons with T1D treated with MSI and they used masked CGM and
the hypoglycemia confidence questionnaire for evaluations. It was found that time with
nocturnal hypoglycemia, glucose levels <70 mg/dL was reduced by 48% (10.2 vs. 19.6
min each night, P <0.001) and glucose levels <54 mg/dL by 65%. (3.1 vs. 8.9 min, P
< 0.001). For the corresponding glucose cutoffs, daytime hypoglycemia was reduced
by 40% (29 vs. 49 min, P < 0.001) and 54% (8 vs. 18 min., P < 0.001), respectively.
Compared with SMBG, CGM use improved hypoglycemia-related confidence in social
situations (P = 0.016) and confidence in more broadly avoiding serious problems due
to hypoglycemia (P = 0.0020). Persons also reported greater confidence in detecting

and responding to decreasing blood glucose levels (thereby avoiding hypoglycemia)
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during CGM use (P = 0.0033) and indicated greater conviction that they could more
freely live their lives despite the risk of hypoglycemia (P = 0.022). Hence, CGM
reduced time in both nocturnal and daytime hypoglycemia in persons with T1D treated
with MSI and improved hypoglycemia-related confidence, especially in social
situations, thus contributing to greater well-being and quality of life(28).

Charleer etal conducted a 24-month, prospective, observational cohort study which
followed 441 adults with insulin pumps receiving full reimbursement for rtCGM and
42% had TAH. The primary end point was evolution of HbAlc, with secondary end
points change in acute hypoglycemia complications, diabetes-related work
absenteeism, and quality of life scores. Additionally, they evaluated whether people
could achieve glycemic consensus targets during follow-up. It was found that after 24
months, HbAlc remained significantly lower compared with baseline (7.64% [60
mmol/mol] vs. 7.37% [57 mmol/mol], P < 0.0001) and sustained benefits were also
observed for the score on the hypoglycemia fear survey and hypoglycemia-related acute
complications irrespective of hypoglycemia awareness level. Moreover, people with
IAH had the strongest improvement, especially for severe hypoglycemia (862 events in
the year before vs. 119 events per 100 patient-years in the 2nd year, P < 0.0001) and
over 24 months, more people were able to meet hypoglycemia consensus targets at the
expense of slightly fewer people achieving hyperglycemia consensus targets.
Furthermore, the number of people with HbAlc <7% (<53 mmol/mol) without severe
hypoglycemia events more than doubled (11.0% vs. 25.4%, P <0.0001). Thus, use of
rtCGM led to sustained improvements in hypoglycemia-related glucose control over 24
months and lower fear of hypoglycemia, fewer acute hypoglycemia-related events, and
fewer diabetes-related days off from work were observed, particularly in those with

IAH(29).
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Dicembrini etal conducted analysis of RCTs comparing CGM or FGM with SMBG,
with a duration of at least 12 weeks. The principal endpoint was HbAlc at the end of
the trial and a secondary endpoint was severe hypoglycemia. Mean and 95% confidence
intervals for HbA 1¢ and Mantel-Haenzel odds ratio [MH-OR] for severe hypoglycemia
were calculated, using random effect models and a sensitivity analysis was also
performed using fixed effect models. In addition, the following secondary endpoints
were explored, using the same methods: time in range, health-related quality of life,
and treatment satisfaction. Separate analyses were performed for trials comparing CGM
with SMBG, and those comparing CGM + CSII and SMBG + MSI. It was found that
CGM was associated with a significantly lower HbA 1c at endpoint in comparison with
SMBG (— 0.24 [— 0.34,— 0.13]%); and a significantly lower risk of severe
hypoglycemia than SMBG, treatment satisfaction and quality of life were not measured,
or not reported, in the majority of studies and FGM showed a significant reduction in
the incidence of mild hypoglycemia and an increased treatment satisfaction, but no
significant results are shown in HbAlc. Also, CGM + CSII in comparison with SMBG
+ MSI was associated with a significant reduction in HbAlc. Thus, CGMS compared
to SMBG has showed a reduction in HbAlc and severe hypoglycemia in patient with
type 1 diabetes and even greater reduction in HbAlc with CGMS + CSII than with
SMBG(30).

From above studies we conclude that CGMS is better than SMBG in T1D patients with

regards to improvement in HbA 1c and decrease in number of hypoglycemic events.
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Rt-CGMS vs is-CGMS in T1D

There are very few studies comparing rt-CGMS vs is-CGMS in T1D patients some of

which are as follows:

Reddy et 40adults TIDM with | Improvement in time spent in hypoglycemia
al(2017) problematic with rtCGM compared to isCGM

31 hypoglycemia

IHART- rtCGM vs isCGM in | Significant reduction in percentage time in
CGM 40 T1D after 8 and | hypoglycemia (<3.0 mmol/L) in the group
extension 16 weeks , switching | switching from flash to rt-CGMS (from 5.0
(2018) from is-CMS to rt- [3.7-8.6]% to 0.8 [0.4—1.9]%, P = 0.0001),
(32) CGM and time in target range (3.9—10 mmol/L)

increased in the flash group after switching
to rt-CGMS (60.0 [54.5-67.8] vs. 67.4
[56.3—72.4], P = 0.02) No reduction in TBR
with isSCGMS (11.9% baseline to 11.9% at 8
weeks ) compared to rtCGMS (8.8% to

6.2%).

CORRIDA | rtCGMS vs Time in Hypoglycemia during exercise was
RCT (2020) | isCGMS, 60 TIDM | lower in itCGM(6.8% vs 11.4%, p=0.018)&

uring home phase(5.3% vs 7.3%,p=0. .
26 during h hase(5.3% vs 7.3%,p=0.035

Reddy etal assessed the impact of CGMS and FGM in a high-risk group of people with
T1D by a randomized, non-masked parallel group study using a multiple-dose insulin-
injection regimen with inclusion of patients with a Gold score of > 4 or recent severe

hypoglycaemia. Following 2 weeks of blinded CGM, they were randomly assigned 40
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T1D patients to CGM (Dexcom G5) or flash glucose monitoring (Abbott Freestyle
Libre) for 8 weeks. The primary outcome was the difference in time spent in
hypoglycaemia (below 3.3 mmol/l) from baseline to endpoint with CGM versus flash
glucose monitoring. In this trial, 40 participants were randomized to CGM (n = 20) or
flash glucose monitoring (n = 20), the participants (24 men, 16 women) had a median
(IQR) age 0f 49.6 (37.5-63.5) years, duration of diabetes of 30.0 (21.0-36.5) years and
HbAlc of 56 (48—-63) mmol/mol [7.3 (6.5-7.8)%].The baseline median percentage time
< 3.3 mmol/l was 4.5% in the CGM group and 6.7% in the flash glucose monitoring.
At the end-point, the percentage time < 3.3 mmol/l was 2.4%, and 6.8% respectively
(median between group difference -4.3%, P = 0.006) hence the time spent in
hypoglycaemia at all thresholds, and hypoglycaemia fear, were different between
groups, favouring CGM. They concluded that CGM more effectively reduces time
spent in hypoglycaemia in people with Type 1 diabetes and impaired awareness of
hypoglycaemia compared with flash glucose monitoring.

The I HART CGM study showed that real-time continuous glucose monitoring (RT-
CGM) has greater beneficial impact on hypoglycemia than intermittent flash glucose
monitoring (flash) in adults with typel diabetes (T1D) at high risk. Reddy etal then
evaluated the impact of continuing RT-CGM or switching from flash to RT-CGM for
another 8 weeks as an extension of [ HART CGM study. It was a prospective
randomized parallel group study with an extension phase, there was a 2-week run-in
with blinded CGM, after which participants were randomized to either rt-CGM or flash
for 8 weeks. All participants were then given the option to continue with 1t-CGM for
another 8 weeks. Glycemic outcomes at 8 weeks are compared with the 16-week
endpoint. Finally, 40 adults with T1D on MSIs and with IAH or a recent episode of

severe hypoglycemia were included (40% female, median [IQR] age 49.5 [37.5-63.5]
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years, with a diabetes duration of 30.0 [21.0-36.5] years, HbA1c 56 [48—63] mmol/mol,
and Gold Score 5[4-5]), of whom 36 completed the final 16-week extension. It was
shown that there was a significant reduction in percentage time in hypoglycemia (<3.0
mmol/L) in the group switching from flash to rt-CGMS (from 5.0 [3.7-8.6]% to 0.8
[0.4-1.9]%, P = 0.0001), whereas no change was observed in the rt-CGMS group
continuing with the additional 8 weeks of rt-CGMS (1.3 [0.4-2.8] vs. 1.3 [0.8-2.5], P
= 0.82) amd time in target range (3.9—10 mmol/L) increased in the flash group after
switching to rt-CGMS (60.0 [54.5-67.8] vs. 67.4 [56.3-72.4], P = 0.02) and remained
the same in the RT-CGM group that continued with RT-CGM (65.9 [54.1-74.8] vs.
64.9 [49.2-73.9], P = 0.64). It was concluded that switching from flash to RT-CGM
has a significant beneficial impact on hypoglycemia outcomes and that continued use
of RT-CGM maintains hypoglycemia risk benefit in this high-risk population.

Hasaga etal conducted a trial recently to compare the efficacy of real-time and
intermittently scanned continuous glucose monitoring (rtCGM and isCGM,
respectively) in maintaining optimal glycemic control in T1D patients with normal
hypoglycemia awareness (Gold score <4). They used rtCGM (Guardian Connect
Mobile) or isCGM (FreeStyle Libre) during 4 days of physical activity (exercise phase)
and in the subsequent 4 weeks at home (home phase). Primary end points were time in
hypoglycemia (<3.9 mmol/L [<70 mg/dL]) and time in range (3.9—10.0 mmol/L [70—
180 mg/dL]). The isCGM group wore an additional masked Enlite sensor (iPro2) for 6
days to check for bias between the different sensors used by the rtCGM and isCGM
systems. In total, 60 adults with T1D (mean age 38613 years; A1C 62612 mmol/mol
[7.861.1%]) were randomized to rtCGM (n =30) or isCGM (n=30). It was found that
percentage of time in hypoglycemia (<3.9 mmol/L [<70 mg/dL]) was lower among

rtCGM versus isCGM participants in the exercise phase (6.865.5% vs. 11.468.6%,
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respectively; P50.018) and during the home phase (5.362.5% vs. 7.36 4.4%,
respectively; P 5 0.035) with hypoglycemia differences being most notable during the
night. Also, tCGM participants spent more time in range (3.9—10 mmol/L [70-180
mg/dL]) than isCGM participants throughout both the exercise (78.5610.2% vs.
69.7616%, respectively; P50.0149) and home (75.669.7% vs. 67.4 6 17.8%,
respectively; P 5 0.0339) phases. Final conclusion was that tCGM was superior to
1sSCGM in reducing hypoglycemia and improving time in range in adults with T1D with
normal hypoglycemia awareness, demonstrating the value of rtCGM alarms during
exercise and in daily diabetes self management.

To the best of our knowledge only one study comparing rt-CGMS vs is-CGMS is there
in TID adult patients in individuals with normal hypoglycemic awareness. With
multiple limtations like no cross-over and no assessment of change in HbAlc and
CGMS device being continuously worn which is not practical in our scenario.

The current thesis protocol supersedes on these limitations.

HYPOTHESIS

rt-CGMS s better than is-CGMS for short term effect on glycemic control which also
will be translated into longer term glycemic control as reflected by improvement in
HbAlc.

We are postulating that by application of CGMS for 2 weeks glycemic patterns of
individual patients will be identified and the education provided in this regard will
change the insight of the individual towards his disease which will culminate in better
longer term blood glucose control and already previous studies have shown that glucose
readings from the most recent 14 days correlate strongly with 3 months of mean blood

glucose, time in ranges, and hyperglycemia metrics (33,34).
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Primary objective:
To study the effects of tCGM vs isSCGM on:
e Reduction in HbAlc (at the end of 3 months).
Secondary objectives:
e Reduction in glycemic variability.
e Reduction in hypoglycemic events in adults with Type-1 Diabetes.

e Reduction in Fructosamine (at the end of 2 weeks).

¢ Quality of life as assessed by QOLID (Nagpal etal) Questionnaire
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MATERIALS AND METHODS

1. Study design: Open label crossover RCT with 3 arms

2. Sample size: Sample size of 17 is requires for a power of 80% to detect 0.5%
change in HbAlc between both groups with an alpha of 0.05, Assuming 10%
attrition in each group 20 patients will be recruited in all rt-CGMS and is-CGMS
and 40 in SMBG arms.

3. Subjects: Patients attending Endocrinology OPD at PGIMER Chandigarh

4. Study Period: I5th June 2023 to 15™ February 2024(last enrolment on 15%
August 2023) and last follow up on 15" February 2024.

5. Study Center: PGIMER, Chandigarh

6. Study Population: Patients who fulfill inclusion and exclusion criteria will be

recruited from OPD.

Inclusion criteria :

* Adolescents and adults >15 years with Type-1 Diabetes mellitus defined
by any of the following;
* Diabetic Ketoacidosis or ketonemia or ketonuria at diagnosis
with insulin dependence for survival since diagnosis OR
* Insulin dependence for survival since diagnosis and any one of
the following autoantibody positivity: GAD-65 or IA-2
» Patients on Basal bolus regimen (Glargine as basal and
lispro/Aspart/Glulisine as bolus);

* Duration of Diabetes > 2 years;
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Insulin dose requirement of at least 0.5U/kg

HbAlc 8%-12%;

Gold score<4;

No previous experience with rt-CGMS and/or is-CGMS;

Euthyroid status;

If hypothyroid, then on stable dose of Levothyroxine for last 3
months with normal T4 level;

Urine albumin creatinine ratio<300 mg/g of Creatinine;

Those willing to give informed consent prior to enrolment.
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EXCLUSION CRITERIA:

LADA or Secondary Diabetes
eGFR<60ml/min/1.73m?

Celiac disease;

Hb<12g/dl for males and <11g/dl for females;
Hypoglycemia unawareness defined by Gold score>4;
HbA1c>12%;

DKA in previous 3 months;

Severe Non proliferative Diabetic retinopathy/Proliferative DR/Macular
edema;

Pregnancy;

Lactation;

Willing to become pregnant during study;

Requiring MRI for any existing condition;

Any chronic illness.
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METHODOLOGY

Participants meeting inclusion criteria will be randomized to rt-CGMS, is-CGMS and
SMBG arms. Randomization will be done using computer generated random number
list. Blocks of patients with HbAlc 8%-10% and 10%-12% will be distributed equally
in all 3 groups.

Sample Size: With a 1:1:2randomization ratio in 3 arms with sample size of 20:20:40
participants in each groups will be required.

Initial training of 2 weeks for all enrolled patients in each of 3 groups about the disease
itself, ICR, ISF, carbohydrate counting and bolus dose adjustment based on these
parameters will be done, for premeal boluses.Only those patients will be enrolled who
are using Lispro/Aspart/Glulisine for their diabetes control. All adults enrolled in
the rt-CGM group will be placed on rt-CGM Medtronic CGMS for 2 weeks and finger-
prick blood glucose will also be monitored by glucometer (SMBG) 3 times on day 1
and then at least 2 times per day with proper record of time. All patients will use same
glucometer for SMBG. Physical exercise of at least 30 mins aerobic activity will be
required in all patients.

After a week a new Medtronic CGMS will be applied as per the manufacturer
recommendation. Those randomized into is-CGM will be placed on Abott Libre Flash

system for 2 weeks. A 3rd group on SMBG will also be there (doing SMBG 4 times a
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day- Before breakfast, Before Lunch, and Before Dinner and post meal (after any one
meal on rotational basis) and 7 point profile once a week on Sunday).

During this 2 week intervention phase all the patients will be monitored daily
telephonically along with once in a week follow-up visit.

Fructosamine assay will be repeated after 2 weeks in rt-CGMS and 1s-CGMS groups
and glycemic control compared. Thereafter the 3 groups shall use SMBG for
monitoring glycemic status as in SMBG group and HbAlc will be repeated at the end
of 3 months.

CGMS metrics of the 2 weeks (TBR, TIR ,TAR etc) will be compared in both groups
as per ADA recommendations and those with <70% data available will be kept on a
new device.

At the end of 3 months direct cross-over of it-CGMS group to new is-CGMS group and

1s-CGMS group to new rt-CGMS group will be done and again fructosamine assay shall
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be done at the baseline and at the end of 2 weeks. Thereafter, all the 3 groups shall use
same glucometer for SMBGtill the end of 6 months where HbA 1¢ will be estimated.
Hence, for each participant total 6 months of data will be recorded. Individuals will act
as their own control thereby removing confounding factors in analysis

be done at the baseline and at the end of 2 weeks. Thereafter, all the 3 groups shall use
same glucometer for SMBG till the end of 6 months where HbA 1c will be estimated.
Hence, for each participant total 6 months of data will be recorded. Individuals will act
as their own control thereby removing confounding factors in analysis.

All these insulins and CGM systems are a part of routine standard care in
management of Type-1 Diabetes Mellitus as endorsed by American Diabetic

Association in 2022.
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FLOW CHART OF STUDY PROTOCOL

Type 1 DM (Age21S5 years, HbAlc
8%-12%)

A 4

Patient evaluated for inclusion v/s exclusion criteria

Inclusion criteria
met
Opted in to study

Donot meet
criteria
Opted out of study

Baseline investigations -CBC LFT KFT Lipid profile IgAttG ,Thyroid profile, Urine spot protein
creatinine ratio and Fundus examination
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Insulin injection
techniques

Self Monitoring
of Blood Glucose
Carbohydrate
counting

Insulin
Carbohydrate
Ratio and Insulin
Sensitivity Factor

Patients enrolled in the study

2 weeks training

Rt-CGMS

20

‘ 20 \

Fructosamine assay at the end of training phase
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T=0 Start of CGMS

N/

.

2 weeks

N

3 months

rt-CGMS for initial 2 is-CGMS for initial 2 weeks SMBG 4 times a day plus 7
weeks point profile once a week
for 2 weeks

Fructosamine assay and CGMS metrics of 2 weeks are
compared

SMBG 4 times a day: FBG, AFTER MEAL, BL, BD and 7 point plasma glucose profile once a week till 3 months.

HbAlc

4 4 A 2
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3 months

N/

rt-CGMS group

New rt-CGMS group

3 months
2 weeks

N

A 4

is-CGMS group

SMBG group

New i1s-CGMS group

SMBG group

g

Fructosamine at baseline and at 2 weeks, Comparison of CGMS
metrics of 14 days done.

A 4

6 months

At 6 months
HbAlc
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OUTCOME VARIABLES TO BE STUDIED

e Glycemic variability as assed by CGMS

e Daily average insulin requirement per kg body weight

e Fructosamine assay after 2 weeks in rt-CGMS group and is-CGMS group and HbA 1c in each
of the 3 groups at end of 3 and 6 months respectively;

e Number of hypoglycemic events especially nocturnal and exercise related events;

e Any complications related to CGM;

¢ Quality of Life by QOLID (Nagpal etal) Questionnaire.

Statistical Analysis:

Statistical analysis will be performed according to the results obtained from parameters. Discrete
categorical data will be represented in the form of either a number or a percentage (%), continuous
data, assumed to be normally distributed, will be written as either in the form of its mean and
standard deviation or in the form of its median and interquartile range, as per the requirement. The
normality of quantitative data will be checked by measures of Kolmogorov-Smirnov tests of
normality. ANOVA or Mann Whitney U test will be applied to compare 3 groups at a time
depending upon the normality of the data. Proportions will be compared using Chi square or Fisher’s
exact test, depending on their applicability for 3 groups. All the statistical tests will be two-sided and
will be performed at a significance level of P<0.05. Analysis will be conducted using IBM SPSS

STATISTICS (version 22.0)
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ETHICAL JUSTIFICATION

Following ethical considerations will be adhered to during the study:

1.

Patients will be enrolled in the study after fully informed written consent has been taken. The
patient will have right to quit the study at any point in time during the study and no

compulsion will be exerted on them.

. Patient will be informed about the aim and method of the study, investigations that will be

conducted on him/her, possible adverse effects associated with the treatment modality under

study even after he/she has signed the consent and he/she will be excluded from the study.

The patient, whether or not enrolled in the study will receive treatment as per the standard

protocol followed in the Department of Endocrinology PGIMER, Chandigarh.

The planned study involves blood collection (10 ml) by venipuncture from T2D patients. The

blood sample will be used for biochemical tests, haematological tests and Hormonal analysis.

. Detailed education regarding CGM, methods of insertion, use and linking to smartphone

wherever available will be provided.

Signs and symptoms of hypoglycemia will be thoroughly explained and measures to correct

it shall be taught to the patients.
Confidentiality of data collected from contribution source or individual will be maintained.

The study will be conducted following the principles of Declaration of Helsinki and Good

clinical Practice laid down by Indian Council of Medical Research.
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QOLID QUESTIONNAIRE

Role Limitation Due to Physical Health

l.

How often do you miss your work because of your diabetes ?

Always Frequency Often Sometimes Never

1 2 3 4 5

A person with diabetes has the requirement of adhering to a schedule for

eating and taking regular medication. How often does this affect your work
?

Always Frequency Often Sometimes Never

1 2 3 4 5

How often does diabetes affect your efficiency at Work ?

Always Frequency Often Sometimes Never

1 2 3 4 5

How often do you find diabetes limiting your social life ?

Always Frequency Often Sometimes Never

1 2 3 4 5

To what extent do you avoid traveling (business tour, holiday, general
outings) because of your diabetes ?

A lot Highly Little Very little Not at all

1 2 3 4 5

Compared to others of your age are your social activities (visiting

friends/partying) limited because of your
diabetes?
Always Frequency Often Sometimes Never
1 2 3 4 5
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Physical Endurance

1.

How often in last three months has your overall health problems limited
the kind of vigorous activities you can do like lifting heavy bags/objects,
running, skipping, jumping.

Always Frequency Often Sometimes Never

1 2 3 4 5

How often in last three months has your overall health problems limited
the kind of moderate activities you can do like moving a table, carrying

groceries or utensils.

Always

Frequency

Often

Sometimes

Never

1

2

3

4

5

How often in last three months has your overall health problems limited

ou from walking uphill or climbing 1-2 floors.

Always

Frequency

Often

Sometimes

Never

1

2

3

4

5

How often in last three months has your overall health problems limited
ou from walking 1-2 km at a stretch.

Always

Frequency

Often

Sometimes

Never

1

2

3

4

5

How often in last three months has your overall health problems limited

from bending, squatting, or turning.

Always

Frequency

Often

Sometimes

Never

1

2

3

4

5

How often in last three months has your overall health problems limited
ou from eating, dressing, bathing, or using the toilet.

Always

Frequency

Often

Sometimes

Never

1

2

3

4

5
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General Health

l.

In general would you say your health.

Poor

Fair

Good

Very good

Excellent

1

2

3

4

5

How well are you able to concentrate in everything like working, driving,

reading etc. ?

Not at all A little Moderate Very Much An
extreme
Amount
1 2 3 4 5

How many times in the past three months have you had fatigue/felt very

tired ?

Always

Frequency

Often

Sometimes

Never

1

2

3

4

5
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Treatment Satisfaction
The following set of questions would enable us to know how satisfied are you
with your treatment for diabetes. Please tick any one option.

l.

How satisfied are you with your current diabetes treatment ?

Very Moderately Neither Moderately Very
dissatisfied | dissatisfied satisfied nor satisfied satisfied
dissatisfied
1 2 3 4 5

How satisfied are you with amount of time it takes to manage your diabetes

?
Very Moderately Neither Moderately Very
dissatisfied | dissatisfied satisfied nor satisfied satisfied
dissatisfied
1 2 3 4 5

How satisfied are you with the amount of time you spend getting regular

checkups (once in 3 months) ?

Very Moderately Neither Moderately Very
dissatisfied | dissatisfied satisfied nor satisfied satisfied
dissatisfied
1 2 3 4 5

2. A person with diabetes needs to exercise for 35-45 min, 4 times a week.
Keeping this in mind how satisfied are you with the time you spend

exercising ?

Very Moderately Neither Moderately Very
dissatisfied | dissatisfied satisfied nor satisfied satisfied
dissatisfied
1 2 3 4 5
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Financial Worries

The following set of questions will help us know how your diabetes has affected

our or your family's finances. Please tick any one option.
y y y y p

1. What do you think about the cost involved in your management of
diabetes ?
Very Little expensive Reasonable Not at all
expensive expensive
1 2 3 4
2. To what extent has your priority of expenditure shifted towards diabetes
management ?
A lot Highly Little Very Little | Not at all
1 2 3 4 5

3. To what extent has your family budget got affected by the expenses
related to the management of diabetes ?

A lot Highly Little Very Little | Not at all

1 2 3 4 5
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Symptom Botherness

l.

How many times in the past three months have you had thirst/dry mouth ?

Always Frequency Often Sometimes Never
1 2 3 4 5
How many times in the past three months have you felt excessive hunger ?
Always Frequency Often Sometimes Never
1 2 3 4 5

How many times in the past three months have you had frequent urination

related to diabetes management ?

Always

Frequency

Often

Sometimes

Never

1

2

3

4

5

To what extent has your diabetes limited your expenditure on other

aspects of life (Moving, outings, parties etc.)?

A lot

Highly

Little

Very Little

Not at all

1

2

3

4

5
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Emotional/Mental Health

l.

How satisfied are you with yourself ?

Very Moderately Neither Moderately Very
dissatisfied dissatisfied satisfied nor satisfied satisfied
dissatisfied
1 2 3 4 5

How satisfied are you with your personal relationships (family, friends,
relatives and known tos)

Very Moderately Neither Moderately Very
dissatisfied | dissatisfied satisfied nor satisfied satisfied
dissatisfied
1 2 3 4 5

How satisfied are you with the emotional support you get from your friends

and family ?

Very Moderately Neither Moderately Very
dissatisfied | dissatisfied satisfied nor satisfied satisfied
dissatisfied
1 2 3 4 5
How often are you discouraged by your health problems ?
Always Frequently Often Sometimes Never
1 2 3 4 5

All people want to fulfill certain roles and lead their lives in a purposeful
manner. To what extent do you feel that you have been able to lead your
life in the same way ?

Not at all A little Moderate Very much An extreme
amount
1 2 3 4 5
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Diet Satisfaction

Diabetes demands a little modification in diet, thus the
following set of questions would help us know how much

satisfied you are with modifications in your diet ?

(For

participants

who have

modification/counseling)

advised

some

How often do you feel because of your diabetes a

restriction in choosing your food when eating out ?

dietary

Always

Frequently

Often

Sometimes

Never

1

2

3

4

As you have diabetes, how much choice od you feel
you have in eating your meals or snacks away from
home e.g. if you go in a party and there is a buffet
where there are also a lot of fried snacks and desserts
would you be able to make enough choice ?

No choice

Very little

Little

Enough

A lot

1

2

3

How often do you eat the food items that you
shouldn't, in order to hide the fact that you are having

diabetes.

Always

Frequently

Often

Sometimes

Never

1

2

3

4
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Informed Consent Form (ICF)

Study Title:

“Comparison of real-time CGMS with intermittently-scanned CGMS
in adolescents and adults with Type 1 Diabetes Mellitus: An Open
Label Randomised Control Cross Over Study”.

Study Number (if any):

Subject’s Initials:

Subject’s Name:

Date of Birth / Age:

Participant'
s initial

1. I confirm that I have read and understood the information sheet
dated ~ for the above study and have had the opportunity to
ask questions.

2. Tunderstand that my participation in the study is voluntary and
that[am  free to withdraw at any time, without giving any
reason, without my  medical care or legal rights being affected.

3. T understand that the Sponsor of the clinical trial, others
working on the  Sponsor’s behalf, the Ethics Committee and
the regulatory authorities will not need my permission to
look at my health records both in respect of the current study
and any further research that may be conducted in relation
to it, even if [ withdraw from the trial. I agree to this access.
However, I understand that my identity will not be revealed in
any information released to third parties or published.

4. T agree not to restrict the use of any data or results that arise from
this  study provided such a use is only for scientific purpose(s)



5. T agree to take part in the above study

Signature (or Thumb impression) of the Subject/Legally Acceptable
Representative:

Date: / /

Signatory’s Name:

Signature of the Investigator:

Date: / /

Study Investigator’s Name:
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PRINCIPAL INVESTIGATOR: Dr. Sanjay Kumar Bhadada
Phone Number: +919876602448

Study title: COMPARISON OF REAL-TIME CGMS WITH INTERMITTENTLY

SCANNED CGMS IN ADOLESCENTS AND ADULTS WITH TYPE 1 DIABETES
MELLITUS: AN OPEN LABEL RANDOMISED CONTROL CROSS OVER
STUDY

Invitation: You are being invited to take part in a research study. Before
you decide it is important for you to understand why the research is being
done and what it will involve. Please take time to read following
information carefully and discuss with your friends, relatives or your
family doctor if you wish to. Ask us if there is anything that is not clear or
you would like to know more about the study.

1. What is the purpose of the study?

To compare the efficacy of rt-CGM vs 1s-CGM on improvement in
glycemic profile at end of 3 months and 6 months in T1DM patients.

2. What is the expected duration of the study?
Expected duration for the study is 6 months
3. Why have I been chosen?

You have been chosen as a patient suffering from Type 1 Diabetes
Mellitus.

4. What are the benefits from this research?

After participation in this study , you would be able to do
carbohydrate counting and adjust insulin doses according to your
meal content and pre-meal blood glucose values which will improve
your meal flexibility without any compromise with your blood
glucose control. Moreover, there would be 3 groups in this study and
if you are randomized into one of the two CGMS groups, CGMS
will be provided to you and by this technology your meal patterns
and blood glucose fluctuations will be analysed and your insulin
dosages will be modified accordingly. If you are randomized to
SMBG group, you will be under close monitoring and supervision
of a specialist and your insulin dosages would be modified as per the



standard of care. Irrespective of randomization in any of the groups,
your blood glucose control is expected to improve during this study.

Through this research we are hypothesizing that only 2 week use of
CGMS is enough to uncover your glycemic patterns, which is cost
effective and the behavioural changes and therapeutic changes made
in your treatment regime by the analysis of 2 week CGMS report
will have an impact on your blood glucose control as reflected in
your HbA1c at 3 months. Most of the studies have used continuous
application of CGMS which is not practical in our country.

5. Do I have to take part?

It is up to you to decide whether or not to take part? If you decide to
take part you will be given this information sheet to keep and will be
asked to sign a consent form. If you decide to take part you are still free
to withdraw at any time without giving a reason. Even if you decide,
not to take part in this study, this will not affect the standard of care you
receive.

6. What will happen to me if I take part?

You will have to sign consent. You will be physically examined. You
have to give blood samples periodically and you can be kept in either
of rt-CGMS or is-CGMS groups. Standard treatment of T1D will be
provided irrespective of randomization in any group.

7. What are the alternatives available to you?

This is not a drug trial and we are only monitoring your blood glucose
levels by CGMS, in case you don’t want to participate in this trial you
can use Self monitoring of blood glucose by multiple finger pricks as is
the standard of care for management of type 1 diabetes.

8. What are the possible risks of taking part in study?

There is almost no risk involved in this study because only blood
samples and CGMS and SMBG for glucose profile will be done which
is usual standard of care in T1D. You shall be under strict monitoring
throughout our study

9. What will be the treatment schedule in this study?



The study will include 80 participants and you will be randomized
to rt-CGMS, 1s-CGMS or SMBG arm using computer generated
random number list. Initial training of 2 weeks for all enrolled
patients in each of 3 groups about the disease itself, ICR, ISF,
carbohydrate counting and bolus dose adjustment based on these
parameters will be done, for premeal boluses. If you are
randomized into the rt-CGM group will be placed on rt-CGM
Medtronic CGMS for 2 weeks ;if in is-CGM group, u will be
provided Abott Libre Flash system for 2 weeks and if in SMBG
group, u will monitor blood glucose by multiple finger pricks at least
4 times a day- Before breakfast, Before Lunch, and Before Dinner
and post meal (after any one meal on rotational basis) on weekdays
and 7 point profile once a week on Sunday. After 3 months, you will
be switched to other CGMS group if u were in any of the CGMS
groups, however, if you were in SMBG group, you will continue to
be in that group till the end of this study.

10. How much blood will be taken for investigations and at what time
points?

2ml of blood will be taken after the end of training phase (2 weeks),
then after the end of CGMS device application (4 weeks) and at
three months and three and a half month and finally at 6 months 2
weeks (total 8 ml blood will be taken for each patient over a period
of 6 months)”(total four times in CGMS group). In SMBG group
2ml of blood will be taken after the end of training phase (2 weeks),
at 3 months and 2 weeks and finally at 6 months 2 weeks (total 6
ml of blood over a period of 6 months for each patient) :in total 3
times during the study.

11.Will my talking part of this study kept confidential?

All information collected about you during the course study will be kept
confidential.

12. What compensation and or treatments are available in case of trial
related injury?

The intervention we are doing here is application of Continuous
Glucose Monitoring System for 14 days which is the standard of care
for Type-1 Diabetes Mellitus as advocated by different guidelines
(ref ADA 2022), all patients will receive the standard of care
treatment (Insulin for type 1 diabetes) and no novel treatment is



being introduced. Henceforth, it is not expected that any patient will
develop any adverse event because of the particular intervention in
the study as we are monitoring their glucose level only. However if
any patient develops hypoglycemia including severe hypoglycemia
(which may otherwise happen in any individual patient of type 1
diabetes on insulin therapy) will be managed as per routine clinical
care including hospital admission if needed.

13. Are the participants paid to take part in this study?

The participants will be reimbursed for their extra study related
visits as per the norms. Apart from this no extra money will be
provided to them. There will be no additional costs to be borne by
the participants for participation in this study.

14. What will be done with the results of study?

Results of the research may be published. We assure you that you
will not be identified by name in any report/publication.

15. Who i1s organizing the research?

Department of Endocrinology, PGIMER, Chandigarh are organizing
this research

16. Who has reviewed this study?

Ethics committee of the institution will review the study.
17. Whom can I contact if for any query or grievance?

You can contact the following:

1. Principal Investigator- Dr. Sanjay Kumar Bhadada, Head of
Department, Department of Endocrinology Room number 1,
Ground floor, Nehru Hospital Extension, PGIMER, Chandigarh-
160012, Phone Number: +919876602448

2. Institute Ethics Committee, PGIMER - 6™ floor PN Chuttani Block,
Chandigarh- 160012, Phone number: 0172-2755266.
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